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in F344 rats feeding mixed with haematococcus color 
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SUMMARY 
A 13week oral repeated dose toxicity study of haematococcus color, a food additive 

mainly composed of astaxanthin, was conducted in male and female F344 rats. Rats 
were randomly divided into 4 groups each consisting of 10 males and 10 females and 
given CRF- 1 powder diet containing O%, 0.025%. 0.075%, and .0.25% haematococcus 
color, corresponding to O%, 0.5%, 1.5%, and 5% as the product. None of the animals 
died during the administration period. There were no exposure-related changes in body 
weight gain or food consumptions. Serum biological examinations showed dose-related 
increase in cholesterol, but the differences were slight and not defined as an adverse 
effect. No effects related to treatment were noted in hematological examinations and 
organ weights, and no abnormalities that could be ascribed to exposure to 
haematococcus color were observed in histopathological examinations. In conclusion, 
ingestion of haematococcus color in the diet for 13 weeks does not cause any 
toxicological changes in F344 rats. 

Keywords : food additive, haematococcus color, astaxanthin, F344 rats, subchronic 
toxicity study 

INTRODUCTION 
Recently, the demand for food additives derived from natural origin (natural 

additives) has tended to increase due to the restrictions on use of synthetic additives or 
to consumers’ intlination toward naturals. Although most of the natural additives or 
their origins have been used as foods based on their long history, they have not been 
examined their safety scientifically based on the animal studies. 

In accordance with partial revisions of Food Sanitation Law and Nutrition 
Improvement Law in 1995, a newly developed food additive, even a natural food 
additive, should have an approval to include in Designated List for Food Additives. 
However, the natural food additives conventionally used have been approved to 
continue their using hereafter with listing in Name List for Existing Food Additives 
but without obligation to conduct their toxicity studies 1). 

Haematococcus color mainly composed of astaxanthin is an orange - red color and has 
been utilized for a coloring agent mainly in fish or meat-paste products or in oil and fat 
products. Astaxanthin is a major component of red colors found in marine foods such as 

1 To whom correspondence should be addressed : Atsushi Ono; Division of Toxicology, 
Kamiyoga l-l 8- 1, Setagaya, Tokyo 1588501. Japan: Tel: +8 l-3-3700-9646; 
Fax: ;81-3-3700-2348; E-mail: atsushi@nihs.go.jp 
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sea breams I shrimps and crabs etc. and has keenly been expected its utility as a 
natural food color due to its excellency in color tone and in stability against heating. 
Furtjrermnfe, astaxanthin, a family substance of fl -carotene, has recently been 
reported possessing excellent potencies such as radical oxygen quenching action 23.4) , 
immunoactivathg action U) and inhibiting action against cancers 7.8) and come again 
into the limelight on its use not only for a food color additive but also for its unique 
function. In the past, astaxanthin was extracted from Crustacea such as krill and 
American crawfishes etc. However, such astaxanthin has not been put into practical 
use because of various problems in its quality such as poor homogeneity in color tone 
and offensive smell specialized in its raw material or of economical problems. On the 
other hand, Haematococcus pluvialis, a kind of micro-algae conventionally well kn0wr-i 
which produces high levels of astaxanthin, has recently been put into practical 
utilization as a food additive color of astaxanthin extracts obtained by the modified 
methods of cultivation and extraction 9). At the moment, the above mentioned 
micro-alga is scarcely used for a food additive in our country, but in near future, 
increase of its use as a natural color possessing excellent properties such as color tone 
and functionality will be much expected. 

For haematOCOCCus color, neither report nor information concerning toxicity study or 
its toxicity has been issued until today. Furthermore, its raw material has not also been 
supplied as a food. In this regard, it may be necessary to examine its toxicity as soon as 
possible. At this time, we performed a 13-week subchronic toxicity study of 
Haematococcus pluvialis color in rats, and will report it as follows: 

MATERL4LS AND TEST METHOD 
1. Test substance and administration method 

Test substance, haematococcus color used was supplied by Yaegaki Fermentation Go. 
(Himeji). Haematococcus pluvialis color is obtained from Haematococcus C.A. 
AGARCH in such manner : After drying whole algae of AGARCH, grind and extract 
it with ethanol hydrate, acetone, hexane or two of them or more solvents and 
vaporize away such solvents and obtain haematococcus color extract which appears a 
dark brown paste-like liquid with special offensive smell. Haematococcus color is 
almost insoluble in water, but soluble in ether, acetone, chloroform and benzene and 
has no hygroscopicity. Further, it is easily discolored by irradiation with U-V and 
visible rays although excellent in heat resistance. Haematococcus color product is 
composed of soybean oil diluted to 5% of the color. In this study, pure raw substance 
of Haematococcus pluvialis color (100%) was used in order to avoid effects of the 
substrate, soybean oil. The test substance was administered by feeding with mixed 
powder diet (as a Test diet), because purpose of its use is as a food additive. 
preparation of Test diets: Dissolve haematococcus color into proper amount of 
acetone and add them into the basic feed. After removal of acetone by putting them 
in a draft for one night, mix them with the basic feed to make respective Test diet. 
Test diets were prepared once per 2 weeks and stored in the feed storage room at 4°C 
under light-resistant condition. 

2. Dose establishment 
In this study, doses were established based on the standard volume as a final product 
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In order to examine the effect of the color as a food additive product, i.e.: the highest 
dose was set at the dose equivalent to 5% as a product (0.25% of haematococcus color, 
because the highest dose of food additives in animal study with mixed feeding is 
recommended as 5% lo). Prior to conduct this study, a two-week preliminary study was 
performed with the highest dose of 0.25% haematococcus color in order to assess 
stability of the color in Test diet and check if the test animals may avoid to take Test 
diet. Further, a control group with acetone in the same amount in the basic feed was 
prepared because Test diet is composed of haematococcus color mixed with the basic 
feed using acetone. In consequence, no differences were observed in any group in body 
weight gain or feed consumption compared to the control group. Accordingly, in this 
main study, the doses of haematococcus color were set into four groups as follows: 
0.25% as the highest dose (group H, 5% haematococcus color productl, 0.075% as the 
middle dose (group M, 1.5% productl, 0.025% as the low dose (group L, 0.5% product, 
and the control (group Cl. Although the color in Test diets was discolored easily by 
irradiation (especially with UV-rays), it was stable stored in the dark place under the 
condition either at room temperature or in a refrigerator. Therefore, Test diets were 
kept in feeders with a cover during study. 

3. him& and breeding conditions 
5-Week aged male and female F344 rats fSPF1 were supplied from Japan Charles 

River [Kanagawa) and tame-bred for 1 week, breeding with the basic feed @riental 
Yeast Co., CRF-1 powder feed). Then, the rats were randomly divided into 4 groups 
with each male or female rats (10 rats per group) and used for the study. Each 5 male 
or female rats were housed respectively into transparent plastic cages fvvidth: 26 cm, 
length: 42 cm, height: 17 cm1 which were floored with soft chips (supplied by Sankyo 
Lab. Service Co. (‘Tokyo11 and these chips were renewed twice a week. The tap water 
was freely taken during the test period. The test was performed in the breeding room 
under the conditions such as room temperature: 24 si-r l”C, R.H: 55&5%, frequency of 
ventilation: 18 times/hour fall fresh aiq, lighting and darkening cycle: each 12 hours. 

4. Examinations ‘and methods 
Each 3 groups of male and female rats set for the test groups were received freely the 

powder diet mixed with respectively prescribed dose of haematococcus color for 13 
weeks using powdery feeder of suspending type. Another each one group of male and 
female rats was fed freely with the basic diet without haematococcus color in the same 
manner. General signs and incidence of death of the rats were observed every day 
through the test period and body weight and food consumption were measured every 
one week. After completion of 13-week feeding, all rats were fasted for one night. Then, 
the blood was sampled from orbital veins under ether anesthesia and the following 
tests were conducted by autopsy after bloodletting. 

On the sampled blood, erythrocyte count (RBC), hemoglobin (Hbl, hematocrit (Hq, 
mean corpuscular volume (MCVl, mean corpuscular hemoglobin fMCH1, mean 
corpuscular hemoglobin concentration (MCHCl, platelet count (Pt-l, and leukocyte 
count (WBC) were measured using Sysmex M2000 ( Toa Medical Electronics, Hyogol in 
the diluted blood. The WBC typing test was performed using Microx HEG- 120A @mIon, 
Tokyo) on the blood smear preparation stained by Wright reagent. The serum sample 
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obtained by centrifugation was used for measurement of such values as total protein 
(TP, Bullet method), albumin (Alb, BCG method), NG ratio (calculated from the values 
of TP and Alb), urea N (BUN, UV method), creatinine &RN, Enzyme-method), blood 
sugar (Glc, Enzyme-method), triglyceride (TG, Enzyme-method), total bilirubin (Tbil, 
Azobilirubin-method), alkaline phosphatase (ALP, Rate-method), transaminase (AT, 
AsT, Rate-method), calcium &a, OCPC-method), inorganic phosphorus (P, molybdic 
acid direct-method), sodium, potassium, chlorine (Na, K, Cl, ionic electrolyte-method), 
using Hitachi Model 7 150 autoanalyzer. 
The organs were ectomized after macroscopic observation. At first, brain, thymus, 

lungs, heart, spleen, liver, adrenal, kidney and testis (ovaries) were weighed. Then, 
promptly after the ectomy, skull including nasal cavity, pituitary gland, salivary gland, 
tongue, trachea, thyroid gland, esophagus, stomach, small intestine, large intestine, 
pancreas, bladder, prostate, seminal vesicular gland, epididymis, uterus, vagina, 
mammary gland, lymph node, sternum, femur, skeletal muscle, spinal cord, sciatic 
nerve, eye ball, skin and muscle were fixed with 10% neutrally buffered formaldehyde 
solution and after blocking them into paraffin, their micro-slices were prepared and 
stained using hematoxylin-e0sinfH.E.j stain method. Then, histopathological 
examinations were performed on the control group and the highest dose group. 

5. Statistical analysis 
For body weights, results of hematological and sero-biochemical examinations and 

absolute and relative weights of organs, F-ratio of each group was analyzed using 
Bartlett method. One-way layout analysis of variance in homoscedastic case or 
Kruskal-Wallis test in heteroscedastic case, was performed. When the significant 
difference was observed between the groups, tests of significance were performed using 
Dunett method between each group and the control group since they included the same 
number of animals. 

1. General signs 
RESULTS 

Neither abnortial appearances (skin, body haiq nor effects on general signs were 
observed in any group through the whole period of test. Furthermore, all tested rats 
survived up to completion of the study. 

2.Body weight and food consumption 
Fig.1 and 2 show changes of body weight and food consumption of male and female 

rats during the test period. Further, Table 1 shows mean values of food consumption 
and intake of test substance. Significant differences between the test groups and the 
control group of each male and female rats were not observed in body weight and food 
consumption through the test period. The mean values of food consumption did not 
differ significantly between the test groups and the control group of each male and 
female rats during the test period and intake levels of haematococcus color in the test 
groups correlated approximately dependent to the dose levels. 
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3.Hematologicd examinations 
Tables 2, 3 show the results of hematological examinations. In male rats, no 
significant differences among parameters were observed and any changes affected by 
dosing of the test substance were not observed in the test groups. The highest dose 
group of female rats showed significant decrease of MCV and MCH compared to the 
control group. However, any correlation to the respective dose level was not observed. 

4.Sero-biochemical examinations 
Tables 4, 5 show the results of sero-biochemical examinations. In the highest dose 
group (group HI of female rats, significant elevations of T-cho and F-cho levels were 



l 

l 

observed. In particular, the elevation of T-cho level correlated significantly to the 
dose levels of haematococcus color that was also observed in male rats with some 
tendency but not significant. In male rats, furthermore, significant decreases of A/G 
ratio, CRN and Na in group H, significant decrease of BUN in group M and 
significant decrease of CRN and Na in group L were respectively observed but all of 
them did not correlated to the dose levels significantly and their grade were also very 
low. 

Table 2 

Table 3 
. 



l 

l 

Table 4 



a’ 

0 

l 

l 

a 

a 

a 

5.0rgan weight 
Tables 6, 7 show the results of organ weights at autopsy. Although a significant 

decrease of absolute weight of heart was observed only in group M of female rats, any 
significant differences or changes correlated to the dose levels were not observed in 
other test groups of male and female rats compared to the control group. 

6HistopathologicaI examinations 
Table 8 shows the results of histopathological examinations. No change related to 

intake of haematococcus color was observed in both male and female rats. Furthermore, 
it was considered that histopathological lesions found in these examinations seemed to 
be spontaneously generated lesions which were not induced by dosing of the test 
substance, taking such grade and incidence into consideration. 

DISCUSSION 
A 13-week subchronic toxicity study in F344 rats feeding with mixed test diet was 

performed in order to assess safety of haematococcus color. A haematococcus color 
product consists of 5% of Haematococcus pluvialis color solved into soybean oil. In this 
study, however, pure raw substance of Haematococcus pluvialis color was used in order 
to avoid the effect of soybean oil. Test diets were prepared with 5.0, 1.5 and 0.5% 
preparations for dosing (0.25, 0.075 and 0.025 % of haematococcus color-l based on the 
results of the preliminary study. All male and female rats well grew up through the test 
period and neither abnormal appearances in skin or body hair nor effects on general 
signs associated with the test substance were observed. As no differences were 
observed in body weight and food consumption between the test groups and control 
group, it was suggested that adding of the color does not affect feeding behaviors or 
nutritive conditions. In sero-biochemical examinations after completion of 13-week 
administration, a significant elevation of T-cho was observed in group H of female rats 
and a small tendency of correlation with dose levels was also observed and that was 
also observed in male rats. These facts suggest that no toxicological significance existed 
in this study because the grade of changes seemed small. The cholesterolemic effect of 
astaxanthin, a main component of Haematococcus pluvialis, has been reportedl2). On 
the other hand, the content of astaxanthin ( and its esters.1 in haematococcus color used 
in this study shows low as 39% . Furthermore, in the 13-week subchronic toxicity study 
13) with Phaffia color which contains higher level of astaxanthin than haematococcus 
color, any change, the same as in our study, was not observed. Therefore, a mechanism 
for elevating T-cho level in this study cannot be specified. Other changes in 
hematological examinations or organ weights affected by dosing were not observed. On 
the other hand, such abnormalities as myocarditis and renal electrolyte-deposition 
observed in the histopathological examinations in male rats was also observed in the 
control group that has been reported as spontaneous lesions occurred in F344 rats. 
Consequently, it suggested that such lesions were not induced by dosing haematococcus 
color. In the 13-week subchronic toxicity study feeding with Phaffia color mainly 
consisting of astaxanthin, the same as the haematococcus color used in our study, the 
highest, 5% dose group did not show any toxicity 13). Haematococcus color used in this 
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study also did not show any effect on food consumption and body weight gain. Further, 
any clear toxicological findings in hematological and sero-biochemical examinations, as 
well as in organ weights and histophathological tests affected by dosing, were not 
observed. Consequently, it was suggested that toxicity of haematococcus color on rats in 
this feeding study was negligibly very low. 

Table 6 

Table 7 
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A 13-week subchronic orai toxicity study of haematococcus color in F344 rats 

Atsush1 One”, Kiyoshi Sekita, Minoru Saitoh, Takashi Umcmura, Yukio Ogawa, 
Tsuyoshi Furuya,Toyozo Kancko and Tohru Inoue 

,A 13-week oral rcpcatcd dose toxicity study of hacmatococcus color, a food addittvc mainly composed 
of astaxanthin, was conducted in male and fcmaic F344 rats. Rats were randomly divided Into 4 groups 
each consisting of 10 males and 10 fcmalcs and given CRF-1 powder diet containing Q%, 0.025%, 
0.075%, and 0.25% hacmatococcus color, correspond to O%, 0.5%, 1.5%, and 5% as the product. None 
of Ihc animals died during the administration period. Thcrc were no exposure-related changes in body 
weight gain or food consumptions. Serum biochemical examinations showed dose-related increase in 
cholcstcrol, but the diffcrcnccs were slight and not defined as an advcrsc effect. No effects related to 
trcatmcnt wcrc noted in hcmatological examinations and organ weights, and no abnormalities that could 
bc ascribed to cxposurc to hcamatococcus color wcrc observed in hisiopathological examinations. In 
conclusion, ingestion of haematococcus color in the diet for 13 weeks does not cause any toxicological 
changes in F344 rats. 

Kcwords: food additive, hacmatococcus color, astaxanthin, F344 rats, subchronic toxicity study 
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Table 1. Mean food consumption and hacmatococcus color intake in F344 rati 

Sex 
Mean datly intakes of 

Group Nod rats Food FOX! Paem atccoicus Total intakes of 
examined cansum ption color haematococcus 

g/rat/day Sikglday mgWW myIq/lj weeks 

hle C 10 14.2 60.9 00 0.0 
L 10 13.9 60.0 15.0 1364.0 
M 10 14.6 61.7 46.3 4208.9 
H 10 14.4 61.3 153.2 13941.1 

Female C 10 9.4 65.1 0.0 0.0 
L 10 9.3 64.1 16.0 1457.5 
M 10 9.2 64.0 48.0 4367.3 
H 10 9.5 66.1 165.2 15034.1 
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Table 4. Strum biochemical data of PA4 male rats fed diet containing haematococru color for 13 weeks 

Group C L M H 

X ofhaematococcus color 0.000 0.025 0.075 0.250 
No. of animals 10 10 10 10 

l TP g/d1 6.13 +. 0.13 6.14 + 0.16 6.19 2 cl.06 6.15 * 0.14 
Alb g/d 3.92 zk 0.12 3.93 c 0.08 3.92 2 0.05 3.85 It 0.07 
A/G 1.77 c 0.09 1.78 C 0.06 1.73 i 0.05 1.68 * 0.06 * 

l 

1 ** 

8UN mg/dl 21.4 Ib 1.6 20.0 + 0.8 i9.ak 1.1 * 20.2 c_ 1.2 
CRN mg/dl 0.37 c 0.03 0.35 2 0.04 0.35 c 0.01 0.33 It 0.0 
Glc mg/dl 119 s 12 12oc 6 119s_ 8 121c 9 
TG mg/dl 133 f 37 142 -c 38 128 f 37 139 t 24 
TCho mg/dl 64 2 5 64-c 5 65 f 6 682 3 
FCho mg/dl 1 1.9 & 1.3 11.9 c 1.7 11.5 * 1.5 12.3 2 0.8 
Tail mg/dl 0.04 k a.8 0.04 _e 0.01 0.04 f 0.01 0.05 * 0.02 
AIP mu/ml 228 -t 20 227 k 21 218 + ii 218 k 15 
AIT mu/ml 57 + 5 5ac 10 55 k 4 59c 4 
AsT mu/ml a8 * 18 842 15 a4* 12 go* 13 
7-GT mu/ml 0.22 t 0.29 0.17 * 0.3 0.12 c 0.15 0.18 r 0.17 

Ca mg/dl 10.3 cb 0.1 10.5 c 0.2 10.4 L 0.1 10.4 c 0.1 
P mg/dl 5.8 r 0.4 5.6 ,t 0.5 5.7 r 0.4 5.5 -c 0.6 
Na mEc/l 1392 2 139r 1 139 i 1 13ac i 
K mEo/l 4.9 c 0.4 4.8 r 0.3 5 k 0.3 4.9 * 0.3 
Cl mEa// 101 It 4 102-c. 1 101 c 2 101 * 2 

Values represent mean C SD.. 
+ and +* show signiftcantdiiference from the control groups atp<0.05 and p<O.Ol. respectively 

a Table 5. Strum biochemical data of FWi female rafs fed diet containing hacmarocoaus color for 13 WCC!G 

Group C L M H 

X ofhaematococcus color 0.000 0.025 0.075 0.250 

l 

l 

No. of animals 10 10 10 10 

TP g/d1 6.04 ltz 0.13 5.96 t 0.15 6.05 f 0.14 5.93 * 0.11 
Alb g/d1 4.01 rf: 0.11 3.96 t 0.1 4.05 ,t 0.11 3.01 zt 0.08 
k/G 1.99 r 0.12 1.98 r 0.1 2.03 -c 0.09 2.09 * 0.07 
BUN mg/dl 18.1 c 1.5 19.1 c 1.2 19 e 1.5 17.7 z!z 1.4 
CRN mg/dl 0.35 c 0.02 0.36 -c 0.02 0.36 * 0.02 0.34 t 0.02 
GIG mg/dl 11oc 7 113zb 7 112f 7 109 r 10 
TG mg/dl a3 k 20 sot 16 762 ia 82 32 24 
TCho mg/dl 91 I: 6 921 10 98 k 8 107C6 ** 
FCho mg/dl 20.2 k 1.3 19.7 zb 2.6 21.5 k 2.4 22.8 C 1.6 * 
TBii mddl 0.06 ?I 0.01 0.06 C 0.01 0.05 * 0.01 0 07 i: 0.02 
AIP mu/ml 138 I 11 153 * 11 143 -c 15 147 -t- 14 
AIT mu/ml 40 = 3 39c 2 40 * 3 4Or: 4 

AST mu/ml a3 i IO a1 t 11 a5c 10 70c 6 
‘/-GT mu/ml 0.32 L 0.32 0.13 C 0.16 0.10 r 0.14 0.37 t 0.40 

Ca mg/c!l 10.1 F 0.1 10.2 c 0 2 10.3 zk 0.2 10.3 t 0.2 
P mg/dl 4 0 C 0.6 4.6 k 0.6 4.5 & 0.3 45'1 0.7 
Na m&q/l 138k 1 137c 1 137 c 1 i3ac i 
K mEo/l 4 6 k 0.3 4.5 k 0.2 4.7 c 0.3 48 t 0.2 
Cl mEq/l 102+ 1 101 t 1 102c 1 102c 1 

Values represent mean k 9.D.. 
* and t+ show signnficant dierenca from the control groups at p<O.OS and p<O.Ul. respectively 
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Table 6. Organ wi&hts of F344 male raLS fed diet containing hacmabccccus color for 13 WC& 

GOUP C L M H 

X oihaamatococcus color 0.000 0.025 0.075 0.250 

No. of animals 10 10 10 10 

g 310.65 L 9.34 30854 i 10.15 315.69 5 10.8 315.48 c, I 1.12 

2 1.331 c 0.051 1.92 t- 0.062 1.932 k 0.059 1.917 c_ 0.048 

g 0.984 ,i 0.034 0.899 f 0.059 0894 2 0.057 0.909 It 0.054 

2 0.967 + 0.056 0.923 t 0.047 0.933 t 0.035 0.941 c 0.029 

2 7.12 r 0.419 7.068 c a288 7.308 1: 0.376 ,7.15 * 0.221 
2 1.732 + 0.064 1.725 c 0.089 1.791 -c 0.087 1.779 2 0.061 

2 0.571 L 0.026 0.573 c 0.021 0.569 zk 0.029 0.559 2 0.021 

2 3.003 c 0.079 2.945 L 0.119 2.943 -e 0.081 2.943 * 0.102 

m4 32.41 -c 3.49 3225 c 4.12 3421 -t 3.22 33.52 I 2.83 

m2 204.51 i 54.71 202.08 2 4627 165.95 * 40.44 199.16 * 38.71 

6 0.622 c 0.025 0.622 C 0.023 0.613 + 0.028 0.608 * 0.019 

2% 0283 2 0.011 029 t 0.018 0.284 -t 0.017 0.287 2 0.014 

2% 0.311 c 0.02 0299 A a.014 0294 * aoil a.299 =t 0.01 I 

2% 2.29 r 0.087 2299 C 0.062 2.315 * a a68 __ 2.267 zt mo.o6 

2% 0.558 f 0.016 0.559 + 0.016 0.566 f 0.021 0.564.f. 0.022 

P% 0.187. c 0.01 0.186 * 0.007 0.179 r. 0.009 0.177 * 0.008 

2% 0.967 * 0.038 0.954 -c 0.039 0.933 c a.046 0.934 c 0.037 

m+ la.45 -c 1.24 10.48 c 1.39 lo.84 r 1.12 10.64 + 1.03 

Thymus m4X 65.62 iz 16.44 65.26 t 1308 5902 C 1366 63.28 f 1329 

Values rcprcscntmean C S.ll- 

Table 7. Organ wcightz of F344 fcmalc rals fed dicl containing hacmacoccccus color for 13 we&s 

Gouo C L hi H 

X ofhacmatococcus color 0.000 0.025 0.075 0250 
No. of animals 10 10 10 10 

RclatiVe 
arain 

Heal-t 

Lungs 

Liver 

Kidney 

Spleen 

Ovaries 

Adrenal 

g 172.19 C 5.46 170.53 r. 7.06 165.33 C_ 9.01 

g 1.78 f 0.02 I.787 * 0.037 1.769 t 0.029 

.3 0.567 zk 0.029 0.548 * 0.018 0.532 + 0.024 +* 

g 0.71 c 0.044 0.7 zt 0.042 0.676 C 0.034 

g 3.658 2 0.205 3.735 2 0.229 3.612 t 0.175 

2 1.049 k 0.062 1063 C 0.069 1.032 k 0.055 

g 0.370 2 0.02 0.367 zk 0.026 0.355 * 0.021 

a 48.72 c I 1.41 48.31 r 8.44 49.19 2 7.78 

mg 38.32 C 4.67 39.44 * 4.83 35.50 f 4 41 

m2 167.11 2 2453 168.28 k 25.31 164.76 k 16.85 

166.86 zt 4.06 

_ 1.782 f 0.038 

0.555 c 0.028 

0.675 f: 0.046 

3.708 -c_ a.184 

i 054 k 0.044 

0.347 c a.018 

4972 zt 5.24 

37.64 f 4.51 

152.67 zt 23.88 

6 1.035 -e 0.04 

2s a.329 c 0.014 

2% 0.412 C 0.026 

2% 2.128 f 0.119 

2% 0.609 2 0.036 

2% 0214 F 0.01 

2X 2834 + 6.68 

mgX 22.24 C 2.47 

1.047 c 0.034 
0.322 C 0.014 

0.41 1 2 0.03 

2.192 t 0.121 

0.624 + 0037 

0.215 f 0.011 

28.22 -c 4.18 

23.18 c 3.14 

1.072 zk 0052 
0.323 k 0.013 

0.409 f 0.023 

2.187 f. 0.10 

0.624 k 0.027 

0.215 c 0018 

29.83 I 5.00 

21.49 f 2 62 

1.069 zt 0.039 
0.333 C 0.016 

0.406 & 0.034 

2.223 f 0.12 

0.633 2 0.031 

0.206 c 0.012 

2981 C 3.25 

22.54 C 2.53 

Thymus mq% 3702 c 13.75 98.57 r 1331 99 69 t 905 91.71 -L 15.46 

Values rcpresentmean 2 SD. 
*X show signficant diiiarcnca from tha control broups at p'CO.01 



a 

Table 8. Histological findings in male and female :a& fed diet contaming hacmatococw color for 13 weeks 

SC% Male Fcma I e 
Group C H C H 

No. of animals examined 10 IQ 10 10 

Heart 
Myocardial degeneration 
lntramyocardial cell infiltration 

2 
0 

0 
0 

Lung 
Yicrogranuloma 

Liver 
Exratmedul lary hematopouesis 
Microgranuloma 
Vacuc I at i on of hepatocyte 

Kidney 
Tubular regeneration 
Hyal in droplet 
Calcification of co1 letting tubule 
Calcification 

at cortico-mcdullary junction 
Hyalin cast 

Pancreas 
Vacuolation of acinar cell 

1 
1 
0 

2 
10 

1 

0 
0 

0 0 
4 3 
1 0 

2 0 
10 0 
0 0 

0 0 
1 0 

0 0 

0 
1 
0 

0 
0 
0 

1 
Spleen 

kicrogranulo~ 
Adrenal gland 

Accessory adrenal eland 
Di Iatation of sinusoid 

P 0 1 0 

1 1 0 1 
0 0 1 1 

a 
5) Jyonouchi, H., Sun, S., Tomita. Y. and Gross, M.D.: J. Nufr., 

us, 2483-92 (1995) 
6) Jyonouchi, H., Zhang, L and Tomita, Y.: Nufr. Cancer., 19, 

269-80 (1993) 
7) Tanaka, T., Makita, H., Ohnishi, M., Mori, H., Saroh, K and 

Haa, A.: Cnncer. Res., 55.4059-64 (1995) 
8) Tanaka, T., Kawamori, T., Ohnishi, M., Makita, H., Mot-i, H., 

Satoh, K and Hara, A.: Carcinogcncsis, 16,2957-63 (1995) 
9) El*7le, -firffS%wEfPF: 7Jz9=F+ffi?iPy, 

i$!w#JEHLJfi&z%EE’fiaMR, 7- F5w-f i 

12) Murillo, E.: ArchLarinoamNufz, 47409-13 (1992) 
13) Onoderq H., Miwmori, K, Yasuhara, K, Takcgawa, K. 

and Takahashi, M.: EulL NarL Inst. H;alrh Sci, 115, 99-106 
( 1997) 


